I n f e c t io n a n d I m m u n it y , Feb. 1995, p. 467-471 0019-9567/95/$04.00+0 By use of the parental hybridoma cell line 63F2A2 that produces specific antibodies of immunoglobulin isotype G1 (IgGl; 63F2A2.1) against Pfs230, we attempted to enrich for the synthesis of the downstream switch variant IgG2b and IgG2a monoclonal antibodies (MAbs) of the hybridoma cell line (63F2A2.2b and 63F2A2.2a, respectively). The parental IgGl did not reduce the Plasmodium falciparum transmission in a bioassay irre spective of the presence of complement. MAbs 63F2A2.2b and 63F2A2.2a were effective in reducing the infectivity of P. falciparum parasites to Anopheles gambiae mosquitoes in membrane-feeding experiments. A transmission reduction of 91% was accomplished by the 63F2A2.2b switch variant, and a reduction of greater than 99% was accomplished by the 63F2A2.2a switch variant, but only in the presence of active human complement. Subsequently, the transmission-reducing effect of MAb 63F2A2.2b or 63F2A2.2a was confirmed in vitro by the rapid lysis of newly formed macrogametes or zygotes in the presence of active complement. MAb 63F2A2.1 did not lyse the newly formed macrogametes or zygotes irrespective of the presence of complement.
Malaria is transmitted from humans to mosquitoes through gametocytes that develop in the blood of infected patients. Gametogenesis of Plasmodium falciparum in the Anopheles mosquito midgut is accompanied by the emergence of the gamétocyte from the erythrocyte. From that moment, the ex tracellular parasites become susceptible to immune factors, such as antibodies and complement, taken up during the blood meal from the vertebrate host (4), Gametocytes of P. falciparum synthesize moleciiles with ap parent molecular sizes of 230 and of 48 and 45 kDa (Pfs230 and Pfs48/45) after extraction with sodium dodecyl sulfate (SDS) and separation by SDS-polyacrylamide gel electro phoresis (SDS-PAGE). Both molecules are expressed on the surface of macrogametes or zygotes. Several monoclonal anti bodies (MAbs) reactive to these sexual-stage molecules block transmission of the parasites from the vertebrate host to the mosquito vector. Some of these MAbs suppress the infectivity of malaria gametocytes for mosquitoes in the presence of ac tive human complement (7, 15, 18, 20, 22 ). To answer the question whether MAb 63F2A2-mediated transmission block ade is isotype or epitope dependent, a number of isotype switch variants were prepared and selected for differences in their capacity to fix complement.
Downstream isotype switch variants occur spontaneously in hybridoma cell lines, with identical binding sites differing only in the heavy-chain isotype (9, 10) . The frequency of spontane ously occurring isotypic switch variants ranges from 10~6 to 10 per cell per generation (9, 16) , and a sensitive assay is needed to detect the switched immunoglobulin isotype amid a large amount of immunoglobulin of the parental isotype. The technique of sequential sublining combined with screening by isotype-specific enzyme-linked immunosorbent assay (ELISA) has been proven before to be successful (2* 10).
In this study, the importance of the immunoglobulin G (IgG) subclass for tTansmission-blocking activity is further an alyzed by production and testing of a number of switch variants of the anti-Pfs23Q-specific MAb 63F2A2.
MATERIALS AND METHODS

I I
Parasites and Pfs230 extract. Mature gametocytes of P. falcipamm (isolate NF54) were produced in an automated large-scale culture system as described by Ponnudurai et al. (11) . Gametbcyte isolation and Triton X-114 extraction of Pfs230 was obtained as described previously (20). The freeze-dried aqueousphase extract was diluted in phosphate-buffered saline (PBS) and used as the antigen in both the competition and the one-site Pfs230 ELISA. Antibodies, (i) MAbs. The anti-Pfs230 MAbs 18F25,63F2A2 (63F2A2.1), and 63F2A2.1), and 63F3C8 (all isotype IgG l) and anti-Pfs25 MAb 32F81 (isotype IgG l) have been described previously (20, 22). MAb 18F25 was labelled with horseradish peroxidase by the periodate method described by Wilson and Nakane (24). The labelled MAb was dialyzed against PBS-thimerosal (0.01% ), and fetal calf serum (1%) was added and samples were stored at 4°C. MAbs 32F81 and 18F25 were labelled with fluorescein isothiocyanate (FITC) by the method described by Goding (5) . Rat MAbs against different mouse immunoglobulin isotyp.es, i.e., IgG l, IgG2a, and IgG2b, and horseradish peroxidase-labelled monoclonal rat anti-mouse kappa light-chain antibodies were purchased from CLB (Amsterdam, The Netherlands).
(ii) Complement. TyPe A® blood from Dutch blood bank donors with no previous malaria exposure was allowed to clot at room temperature for 1 h, and aliquots o f the pooled serum were stored at -7Ö Ü C until required. Freshly thawed samples were used only once as a source of complement. The serum was heated at 56°C for 30 min to inactivate complement activity. The serum was also used as a malaria-negative control serum in the transmission and parasite lysis tests.
Selection, enrichment, and purification of isotype switch variants. Selection and enrichment o f isotype switch variants were conducted by the technique of sequential sublining (2,10). Briefly, the parental 63F2A2.1 hybridoma cells were grown in a 96-well microtiter plate (NUNC; Intermed), containing 1,000 cells per well, in Dulbecco's modified Eagle's medium supplemented with 20% fetal calf serum and 2.5 U of interleukin 6 per ml and cultured in a humidified 5% C 0 2-in-air incubator at 37°C. After 7 days, the culture supernatants were tested in the isotype-specific ELISA and cells from positive wells w ere redistributed at 50 cells per well. After a culture period of 4 days, the supernatants were tested, and cells o f positive wells were subcultured at 2 cells per well and cloned by limiting dilution. Supernatants were tested for the presence of the parental isotype and/or switch variants.
Selected cloned lines were expanded in culture, and ascitic fluids were pro duced from 106 hybridoma cells injected in pristane-primed BALB/c mice. IgG was purified from ascitic fluid with a semiautomatic fast-performance liquid 468 RO EFFEN ET AL, I n f e c t . I m m u n chromatography system (Pharmacia) equipped with a protein A column (Phar macia) as described previously (20).
ELISAs. (i) Isotype-specific ELISA. The isotype-specific ELISA was used as described previously by Boot et al. (2) . The reliable ELISA detection limits were 5 ng/ml for IgG l, IgG2b, and IgG2a with standard IgG isotype controls. Possible cross-reactivity between isotypes was below 0.1%.
(ii) Specific one-site ELISA. A specific one-site ELISA for detection of anti bodies against Pfs230 was carried out as described previously (20).
All incubation steps were done at room temperature, except overnight incu bations which were done at 4°C. Between the different steps, plates were washed three times with PBS. The ELISAs were performed in duplicate, and the mean value of the optical densities was used for analysis.
Transmission blocking assay. The effect of MAbs on the infectivity of P. falciparum for Anopheles gambiae mosquitoes was tested in a bio assay using membrane feeders as described previously (12, 13, 22) . Briefly, while the tem perature was maintained at 37°C, 14-day-old cultures containing fertile gametocytes were mixed with prewarmed uninfected erythrocytes and MAbs, introduced into prewarmed feeders, and fed to A. gambiae mosquitoes. All MAbs were tested separately in the feeder assay in the presence of active or inactivated human complement. Fully engorged mosquitoes were separated and held at 26°C. Mosquitoes were dissected 7 days after feeding, the number of oocysts in each mosquito midgut was counted, and 
RESULTS
Isolation and characterization of switch variants. When seeded at 1,000 cells per well, IgG2b switch variants were detectable from the parental 63F2A2.1 hybridoma after 7 days of culture in one to two wells per microtiter plate. Further cloning and subcloning resulted in the isolation of a 63F2A2 switch variant of the IgG2b subclass (63F2A2.2b). By use of a similar protocol, 63F2A2 MAbs of the IgG2a isotype (63F2A2. 2a) were obtained from the 63F2A2.2b-producing hybridoma. All switch variants were subjected to limiting dilution condi tions to reach purity at the clonal level. The switch variants reacted only in the ELISA that was specific for the particular isotype (data not shown). Figure 1 shows similar binding pro files of the parental MAb 63F2A2.1 and its IgG2b and IgG2a switch variants in the Pfs230 one-site ELISA.
Transmission-blocking capacity of isotypes. The effect of IgG subclass specificity on transmission was analyzed in the bioassay in the presence of active or inactivated human com plement. In the presence of active complement, anti-Pfs230 MAbs 63F2A2.2b and 63F2A2.2a suppressed infectivity of P. falciparum for mosquitoes by ^90% and ^99%, respectively, at concentrations of 1.0 [ig per feeder (Table 1 ). In the pres- (Table 3) . SIFA and complement-mediated lysis of macrogametes or zygotes. The mechanism of complement-dependent transmis sion-bio eking activity of MAbs 63F2A2.2b and 63F2A2.2a was further analyzed in vitro with activated gametocytes and a SIFA based on antibody reactivity to Pfs25, thereby monitoring development of macrogametes or zygotes 3 h after activation. The actual numbers of macrogametes or zygotes differ in sev eral parasite batches, which makes direct comparison of data of independent experiments impossible. In a representative experiment (Fig. 2) , no statistically significant differences were found in macrogametes or zygote numbers between the differ ent isotypes and the controls (no MAb added) when inacti vated complement was added (e.g., by paired-sample t test between IgG2a and control, t ~ 1.37, df = 2, and P = 0.305). In addition, no significant difference was found between the numbers of macrogametes or zygotes for the control groups (absence of specific anti-Pfs230 MAb) with active complement in comparison with those of groups with inactivated comple ment (t -4.13, df -2, P = 0.054). When the data of the control and the IgG l groups are compared with respect to the effect of complement, a significant reduction was observed in the presence of active complement (t = 4.43, df = 5, P = 0.007). Active complement in the presence of MAb 63F2A2.1 had no effect, but in the presence of MAb 63F2A2.2b or 63F2A2.2a, the number of macrogametes or zygotes was re duced substantially and almost completely in comparison with the effect of the control group (/ = 6.62, df = 2, and P -0.022 versus t = 6.47, df = 2, and P ~ 0.023, respectively). Lysis of macrogametes or zygotes by the complement-fixing MAb 63F2A2.2a in the presence of active or inactivated com plement is shown in fluorescent micrographs using SIFA and the FITC-labelled anti-Pfs230 MAb 18F25 (Fig. 3) . In the absence of lysis, fluorescence was clearly visible at the circum ference of apparently intact parasites (Fig. 3A) , whereas fluo rescence after lysis revealed either no round forms or damaged 
